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(57) Abstract: 




PURPOSE: A late transition metal catalyst having &lsqb;N,X&rsqb; 
ligand is provided to produce a cyclic olefin polymer having a low 
dielectric constant and hygroscopic property, a high glass transition 
temperature, excellent stability against heat and oxidation, excellent 
chemical resistance, toughness, metal adhesion and optical 
properties. CONSTITUTION: The late transition metal catalyst having 
&lsqb;N,X&rsqb; ligand for preparing a cyclic olefin polymer is 
represented by the chemical formula 1 or 2, wherein each of R1 to R7 
is independently or simultaneously hydrogen; C1-C20 linear or 
branched alkyl, alkoxy, alkoxysilyl, alkylperoxy, alkylcarbonyloxy, 
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(54) iSS " [N,X] bH?)A>« 5>fe ^201 ^OH §y 0|g OlggfUEIg §310 §ifAi|HJ XilS^S 



22f 

s egg naig saie g if xii as§ *soi ^oh si oi« ois°> nag gam ggfaisi nisgfgoii a& jo^, s 3( ax^JiKeiectr 

on-donating)°J N, X SXr« SifSrte ^a'SEHSI a2!E3l bB?ia VIII m 3^ alffSS 2 if Site HZ\m SaiS SSfxIl Xfl-Eg ^SOI 3^ 
^DH * 01 » 0|g£f I2£l§ SaiE! m®M°i HI a 0)1 3!t 20IQ. 

S ef§S a T t^^l(electron-donating)°J N, X SX|-» SSohfe & 61! S EH SI BI^H?) UH?)S VIII s? SffSS Saifi! ii'l AI3E0II ^OH 
S 5<S6)01 OIISa^Ol^tKMAO) «S eai°J/^i'a^0l^ 5^0H« if4?Slfe S;DHAI^iy°^ iSI MOIfe ^OHg^SS Xll^tf 

^ SUCH feS 4i£ if st 3! ^XHHSOII 4= Site 1221 § SaiE! Slfai* fllgft 4^ 2iD. 

AMOJj^ 

inety^i. vin-^ 3^. nag saie! gesa, ^ei 

S All AH 
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Sga #M\& 

®mo\ ^6(te 3I6 S! 3 gOt°j SOPIs 
S tSS [N. X] UH9I»« *£0I 2^ ^OH * OIB Olgsf HdlS 8312! ggxHia XllS^gOII 2tf 5J°S. ^AIIoMlfc SXr ^311 

sj s^a axf» sesjfe ^agBia £i2J23i bH?ia vin-^ s^^dh si oi« oisb :aaig saie eg? si xu^oii asi 201a. 

xiswxi sxfffls #a sotoiiAjfe fe'as t!siom ajsis uois«oi2 as ^3teoi ^m. Aisaomp. nau 33131 sm asoi ^ 
s ^xkxi cut!- i23i sch§chi cay H3ife-sa ^xhoii chs »ifi3( saaji sip. oieiet iqjis §s 22 msoii sa&^a s^soi 

^2. 2^ i!E, § 9i§a S! fSE^l ^46101. feS ??SIS!0IS2(Tg > 250 *C)* 3rXlfc MPCHOII Die! 2^01 fe0r3 r 2 2iP. 01 

£)st S£IOHfer eiSXIIU TFT-LCD2I i^a,', PSS 2S(multichip modules), S3SIS (IC), SXI^XHa MXIXIIP S0 P^MSIOKflat panel 
display) ga g^§i 91 If ASS 3SXII ^S i§2£ ArgaCHg 4= 2tP. SXHSfe S&IOI0I2P BCB (bis-benzocyclobutenes) SOI S 

xi ±mm xi^s ii§ Aigsi? sip. &31 saoioi2a 3^= a a; ^schi cm ergs, fes ^si sois2, *?4»e? 31341*1 rasoii 
ax> ^xhs A r §acxsp. nau fes 4=ss4goii 3i°!er ^xh°i ¥^121 f?2S4=a S3i. diss 2! S3i*! ^aidsa g!§§ soi3i 
?ie! a*iai2i gas nam s^aia ?*t« soi §si§ xisiaap. 

sb, nam saieia itgjiife &34=^a eeoi feow saa4=a Seaoi ye 3ixiw ?«s, lhss, mefss. xi ^gsoi 

^4olW CO, DVD 5} as S2Xt§£XH. 3H HH A| EH (Capacitor) II, Xl??2fflia as gSSX^IH. XI S4=S 4^A|3I, gS 5g(Blister Pack 
aging) Hi as 2JS§ dkXHCHI P2f§|3ll SSfi 4 2JSS. 0101 SSOII 2HBCH 2iP. 

&3| IlEIS 22CH« g&Sfe aa§ 5(31 em&J I CHI UEty U(a 1>0I, (I) gfOIS glMcationic polymerization). (2) UBIBS! ^M6H §g( 
ROMP : ring opening metathesis polymerization). (3) ¥3r glf(addition polymerization), §J (4) HPS SaiEl SiSiil (COC : cyclic olefi 
n copolymer) Sl'i aoi 3311 HI 3(XI SrgJOl a £1X1 SIP. 

[HhgAJ 1 ] 




#3i gfois g&gfgs sois m Eiu%t 3HAima Aigsioi tayi m&o\z= oisjii as di^ssi ssxHife 4=soi 

SXUfOI OH^ 5fS «ei22D10IP. 

£.&. ROMP glf°l 3^ WCI B , M0CI5 2} &0I if S3! 6^ S^2I Et 2 AICI 21 fe v S ^ggf^Dlis «0H3II3| ^£1 AIS301 SP. ROMP gffXfl 

B §f SI &m&$\ (Repeating Unit) 9 & JHH) OISS&S figJSUl StCJ. Oieta- Olga&S HgOII Si 4- gjfe XH^« &S3I 91 & 
2} 3|ia(Cross-Linking) gJSOII 0IS1 4= 2Ife kfS S ^ <yS 4!jfefS CI 3(1 l!D. ROMP ggfiHIfe 3 XfiflS g*>§ XHS 

S Ah^SF^IOIIfe ¥^e8 r 0t E(U-Ni(Raney-Ni). Pd 2r BS 4=S ^OHOII £J6H OlggffOI XII3H9 ROMP S&XdS blflCX A(gSO( SQ. 

£ESh oiigeyaa sisi sei ¥3igif°i 2^311 aius ^oh» Aigsias in ^oh°j &«e3| ^2 samoHa gjoi s*oi a3it sxii 

§01 SIP. XIS3^ fligoj DllgSilKMetallocene) =0H« A|gS(fe 3^ gXig SS3h 5fSe3AH£ H^XItfSI a£IO(3| gOOPIl 2233 
□ (Plastic News. Feb. 27, 1995. p. 24). 3HU I2&IS 22013 fe23( feOfSfOII PEIAH ggOl S^affl, ^£iaoiS23| fe'S B§(Tg < 2 
40 *C) S SSJCr. 2S! gSfS^OI SCHB0(2 31 311 » 323( 2|g(0). e§>4-^ SOHU IfS?!!!} l*SI4i S OH Oil CH*h LHS^SOI y g0| 
2IU. 

2& 3|£°| XiedH(Ziegler) (TiCU ) ^OHOII 2|& 22tL gifa 3^ 1 .000 g/mol Oloia y§ SXIifS 3|X|fe PNB 31 SCHXII2, 0||g£a! & 
DH CHI a§H a CHS PN8 3 SXJifS feXIEt HSOIIAH S§a3| SCHI §S3HaH ^3|§QHCHI fejXI Sffe SlfS e2JD. 

oi at!- ess assmxr ni, Pd a as *aoi ^dhb aissjoi en^.Bims.s.o\\mi», issssi, cigsseDaia as ^3isohchi 

4 213 100,000 g/mol- Ol^a feS gXlifS 3IXICM 300 °C Ol^fa T 0 B 3|Xlfc PNB B ^S 01 3IIOIS2(Gaylord) [Pd(C 6 H 5 CN) 

Cl 2 2 50111 A(g°} 2am e&e a^ISiaP (Gaylord, N.G.; Deshpande. A.B.: Mandal, B.M.; Martan. M. J. Macromol. Sci.-Chem. 1977, 
A1K5). 1053-1070). 3l = ^^3ia as Etfe3IB 3IS 22yj S2SII Smm Pd 5QH3)I3I Sen. Risse. Goodall gCHI a§H 3HS 

aSiP. Sena 3^ fPd(CH 3 CN)4 43-allyl)Pd(SbF 6 
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)]« AfgoKM PgfeJ 2L'SE(endo)-icSa! 22CHB ggSrSCr (Risse, W. 

et al. Macromolecules 1996, 29, 2755-2763). 3 21 Goodall S [(1 ,5-COD)Pd(Me)(CI)]« 1 if if 21 Na + [3,5-(CF 3 ) 2 C 8 H 3 4B 

" % PPh 3 9i in-situ B!SA|3i gOH2J BUSI^ HH?ia gjOISl! *0H [(1.5-COD)Pd(Me)(L)]* [3,5-(CF 3 ) 2 C 6 H 

3 4B" m tf-goiaci- (Goodall. B. L. et al. Metcon '97: "Polymers In Transition" June 4-5, 1997). Ni, Pd ^DHfe Xlg&KZiegler) ^OH 

*S Ollgsai ^DHOII HI SH Atgfi 4= 9ifc ^Ife^PJ SE&JS kSid! S&xll WI3ECHI £?£l§fCh 

XI3WXI IV — VIII— ^ 3^8 Argort Ogf£>- *f a!(sa!en)-Sf SUfgOl JHgaCHSin. Olfe SSIE! (HI 5|A| SKolefin epoxidation), AI0I9SHS 
ffSHcyclopropanation), OIXiai&ISKaziridination), S3 £r3Ksulfide oxidation). CI^^-^CH(Diels-Alder) B}§. C-H SSsKactivation), Oil 
=Ai0IH2J dlCDS 3E|gg eiS(asymmetric ring-opening of epoxide) S°l g}§ sfJHSAH AJgHCHSCf. &Z>I Sfsftfe°J & k @!(Salen) 
Sir 3^ffl2| 2§S S3 UH?I&3 (rigid, planar coordination environments HIS if 4= 2ife 4-UHSH tHH S^Kshiff base)£ SSJI 2iQ 
(0). 




N 



N 



OH 




HO 



§m S^LH2J m-S ^OHSS SPI (»)Si »S OIS£2| ^OHOIDI. 01 3 1 AH CAfe gfOISa} eforlHI Sea 9fSEf SOIS(counter anion)OI 



2, Mr 



oisoiot. ls n-axi^a ai^soia. 



" 1 \ 



M— L3 



CA 



(II) 



OlEHty 4fS! gEH2| 2X14^12! N, O SXfSOII 2| 8H gjOISg S^S^S £}gs(A|9|3, gaiE! 2tCH2l UH^Se 511' 4= 2iP 

SfgOl Ol^HIf Srfe 3r»l 

e gas &:>i §eo#2j ssiss 3asr0i, nam saie mmm mzm urns 4* aife m& sehsj bi^h^ aH^s vin-^ ^dh s 
e =3S ??s&4= a! Ss£oi ya, saiaoi seji ^201, § §j <ya gt/ssoi ^4=st3, mama 01 ^4*s r 3 a^iwaoughn 

ess), 30 S*fS SJ IfSfSEj a g0 | ^4=*> 3 SIS §315! 3g£rJII2| HlS&gig fllSSfizr 31 G trCK 
£ iSS &OI =38 BSSPI ?ISiOi, 

spi asr&i 1 as,^ 1 2^ sAiafe nans saiei esi miss *soi ^ohb sis&d. 

[^SfAl 1 ]ooooo[a^f<y 2] 




R Jul / 

R 6 Y X M 

Ah^| asjAi i §J 221 ^OilAH, 

R, ~R 7 fe ^SS!2£ SAIOII 4^: &^4= 1 LH XI 20°l <3g SEfe Jr» fefgj gf^AI, fe^AI^H, SfUfil^AI, ^a^iey^AI, 

oia^Ai, oia^Ai^a, gsiiy afe my; ea^i? xi&a sfe wsgxi as §i=r 5 lhxi 1221 hto\ws.mm: <E*$i^±s. ass at 

xlSaXI as e^4= 6 UXI 4021 om: XlSa £fe xisaxi as &±4= 7 LHXI 15°| OiSa(aralkyl): &^4- 3 UH XI 2021 &?iy 

(alkynyl), SEfe SS2!!0I3; 01 OH R, ~R 7 AHS t!§|S|£^ 23301 &^4= 2 LHXI 1021 ^S£I0| US. 6?ib4= 4 UXI 1221 59 £fe Ml 
£f AfOIS^! 31, SEfe B^4= 6 LH XI 172) gfffS; 3£iatf#S SSS 4^ 2J°«: 

Xfe O, S. NR, PR OI3(W5IO)|AH. RS 1 LHXI 2021 iflJ}!): 

MS Vlll-^ i^2S OI^WS 22S¥Q ^§igfe S^OIQ. 

SEer S iSS 3ai§ S3IE! g if ill ^201 3^ srj H oj xil^gfSOil 2i01AH. 
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a) OlieS gOHSIWI OlOli^Sa SfCHI6K>IE &H 2BAI31 8PI si^±i 3 SE& aa|4) 4£ HAISfer ggjj EIBE» XII£orfe B3I: 

ai 

b) 6^1 ttS! £IBE« Vlll-^ 4=ag3- &JSAI51 [N, X] dH?IXt« 5Tfe ttB!2l2} = :N bH?IS g^Sltii HISSlfe BD1I 
» SBolfe feOI SfsfAi ! £fe a s|Ai 2S SAISfe 2£lg 8315! ggrfll Ulig ^SOI ^DH°J HI2S^g« XHIgBCh 




asfi! 3 §J 421 ^ 0)1 AH, 



R, -R 7 a* 2 .' EEte SAIOII 4>£: e±4= 1 LHXI 203 Ajfj ££fc ;>(XI §£J aft!. i>=?A|, imAl^g, SJfJIH^AI. i*IJ3ISy §?A|, 

oha^Ai, om^At^g, s^iy sEfe diy; Ba4=^s m&s se^ xi&axi as b^4= 5 mxi 12a Aioie^sfiJ: ea^is xitf-s ee=- 

Xl&BXI SfS B:£4= 6 LHXI 403 OH!; Ba4=4iS xl&B SEfe XI&SXI S,'& B:i4= 7 UIXI 15a OHflJ(aralkyl); B4;4= 3 LHXI 2oa sf3iy 
(alkynyl). £Ei= if S3! 012: 01(01 R, ~R 7 fe AH £ Aj§»2jo £ BSB(H B:£4* 2 LHXI 1021 S^aiS! 3i. B^ 4 UXI 123 5S Efe IS 
AlOlgSj ni, EEfe 6 LHXI 173 gJS^ HSiaSgS gSi 4- 21°D1: 

Xfe O, S, NR, PR OI3(OPI0i|AH. RS B:£4= 1 LHXI 203 gffi:>l): 

MS Vlll-^ OlipOIS 2°S^EH S^OICh 

SEB. S SfgS HaifJ «ai£! gtfilia HlSgJgOII SiOUH. 

SPI as* Aj 5S HAISfe itSyj:*! Slfii atfi] 1 £Efe a§*<y 2£ SAISte ^201 S^S S^SIfc ^ OH 31 SI Oil AH §ifAI3lfe B3I 

a 5&§ffe naifj saia gsxiia aissgs jiisbci. 
[a^At 5] 




a SfAI 5 Oj AIQHAH, 



mg 0 LHXI 421 §4=013, 

R, ~R 4 fe 2f2f ^g5|2S SEfe SAICHI 4=4:: B4:4= 1 LHXI 203 6Jg £Efe ?fXI BB i'^AI. &^A|AJffl, aiJffl=AI. Btf3ISy^AI. 

OHf^AI, 0JH^A|AJB. g>3liy EEfc diy; Ba4=4:S XISB SEfe Xli>3XI B£4= 5 LHXI 123 AlBSlflf; XlefB SEfc XI 

»aXI SfS B4:4= 6 LHXI 403 0|if; Ba4=4i£ XIBB SES XI&SXI «S £^4= 7 LHXI 153 OHfS(aralkyl); &i4= 3 LHXI 203 §>9iy(a 
Ikynyl), SEfe tf£2!!OI2; OltDJ. R, Sf R 2 , SEfe R 3 Sf R 4 ?l AH^ SgBCH B^=> 2 LHXI 103 ifi!B.|@! 311 USt' 4= EEfe R, Sfe 

R 2 31 R 3 S! R 4 S3 CH!= 8IUSJ 32301 B4;4= 4 LHXI 123 5S SEfe 153 AlOIgs; 31. SEfe B4i4= 6 LHXI 173 gfg^ HSiaifSS 

S^ft ^ StCh 

SB S agS 2BIIJ HicCH3 ^\ gtf«l (addition polymer) SEfe 2£lg aic013 UI2&IS S3IB 2±0\°i ggefXII3 XHIS&eOII S!01 
AH, 

a) a^| asfy 5S SAIBfe icatUfll aSS: SJ 

b) oil Key sEt einffl 

» fe.^i a sfxi , £fe aS fAi 2s. SAiat *aoi g^s esmt ^QH^igioiiAH ggSAi9ife b?ii 
a sgfsife gguaia xnssgs xhisbq. 

S If SOU AH &o| S^OHfe Ajajsjog OUgo.^oi^A^MAO), MaiB(borane)/^l! if^DI s EEfe a 31 01 e (borate)/!^ S^OI s 5^0U« A| 
Sm 4= 2iCK 

0I6I0HAH S &'SS & ( ^|8M| ggsp 

S SfSS AHSS ^SOI S^^OHS a»^71l(electron-donating)°J Sf^3 
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¥l@ Vlll-^ g^OH. Oia Olgsk sjsfij 50) ^atOI SaiE! ggfll. §J 2 dig S2CH2I gf?»l(addition potym 

erization) ££= HicCHSf bll^aig SaiBJ £icOH2| ggt}fll°l HI2gfB!S HlSolfe 3jO|C|. 

S ° s 'gg 4^ISf *S0I SI 5*0H« s'SSfb sSjOHMS A|gg°SM| 3§B tSi UEUHfe ^DH SSIi Hl£lf 4 9iO\ 5s 
S6«0I ^2. g£3l teSffl, § a i>a 2}ggOI ?4=S!2. LHS8}gOI ?48f2 § 31 CM (toughness), 3^ S^S * fS,^ ^£01 

nam saia sgsai* fes ^ss hiss 4= sip. 



S 1*321 AfgjgEHoi a^c^ hh¥I@ Vlll-^ g^asi 



s ggg omiin^s sfttsS ifciioiE. aitii m&m ©ohskhiah nejAisi s^i asf^j 3 £fe 421 gey *ns°fci. 
as. m& £i^h« viii-^ 3^ ^sia sisais s^i sm<y 1 stt ss,^ 221 [n. x] uh?i»« sffer ggya^s^f hh^is 2? 



T 4 I 3 R 2n/ R 1 




X 



ax 

/ 



R5 



M 



[g.SfAI 3]ooooo[SfSf-y 4] 



l 3 R 2 .,Ri 




^OflAH,- R, ~R 7 & zfZ! & 3 1 CHI AH S2I& «h2J IfP. 
££§h S Sra@ 3 21 g^SBS5 ^SU £I2JH^ rJH?l§ C»OICH(dimer). SEfe SE)OICH(trimer) SEH2I g^gil S»» 4= SIP. 

e isa ga!§eH£i hk?is viii— ^ s^asgsi sisgfas a aietia boh *igsr£ s^i 2a ao. 

[»§il 2] 




H 

OH 
(6) 



Me reflux 
H 2 N-|-CH 2 -OH 

Me 

(7) 



ethanol 



cc. 



1 3 C w CH 3 

'N^-OH 
OH 

(3a) 



2 Ni(acac) 2 *4H 2 0 

(8) 



H,C CH, 

3 w 3 

N^~OH 

OH 
(3a) 




I B!§4| 20)1 AH Hfe df£| if 01, S ggS 621 *»' £1 *J SCII8I Ei 721 2-0101 t-2-0lll!-1 -HSeg2) CHI&S S 

SHAI31 3 a£j A»gy ffSSUl, 01 EI2fE« si^^i 821 Ni(acac) 2 • 4H 2 0 B SJSAI51 1a2| g^EI^E?} 

s gfgs &oi ^aoi e^s>on« oigsjci m\ a^'ii 5s HAiafe instoi a&S2i jibis saia ssssiia), naig 

?! iUM (addition polymerization) S&te 2£lg 2kiCH2t di:naiS SaiE! 2icCH2l Sggli Xllgtfa. 01 B 3 21 



IHStCHI 



S2CH2I ^ 
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s ggon/d nam gaia guaia xiiaoii Aigsife ^oHAi^gg asf<y 1 se& sm^ 221 ms!Seh°i si^h^ hh?i9 vin-st 3^ a 

g|§ S&6ICH, OIOH ^OHAI^gJg S^OHB P§? S&oK* *0Hg£!g8 Olipmi SP. -feOI S^DHfe ffllg^^OI^^KMAO). aeii£j(^. 
B(C 6 F 5 ) 3 )/& l im#Dlte. SEfe aaiO|E(=, Ph 3 CB(C G Fs)4)/^^^^DIfe« A[g& 4= £!□. 

EEeh Hai§ aaO]2| ¥21 g&ai (addition polymer) EEfe a £11! 2tO)S( blUSIg SaiE! atD|2| ggfffllg Xll£6ri=: 3^, &1\ 

5S HAiafe aaig atoisi ounai afe s^ia earns feoiu i a^ sm^ 2s haih;= ^201 3^ si a^oH« &??oife 
*dh3(isk))i/h ss&ai^ n^m 4= SIP. 

g ifga su&fsoi susst gE& a*? -100 lhxi 200 -cJi 011^5101. sp aursiswifer -60 - c lhxi 90 *coia, p^ Htg^sMife -1 
0 urn so -c;>[ sp. oicri mm sm^ s^goi gueasp fee eons ^sit 3101 ai^sKa, one gs n^sys s 4= aa. 

0181. ^ A| Oil « S8I01 S I'gi CH§? &/HI0MI ggeJP. E», ^JAIWIfe S I'Si OflAIS^I ?|si 0lge!°S StgSlfer OIUP. 

[^AIMI] 

AJAIOtl 1 

([n. o] uH^t um sims sa) 

y2}5l2r SS 01 3 a (adaptor)^ B£! 250 mL 3? MP^aoil ^Slfe'SfCllolOia 1.22 g (10 mmol, Mw(C 7 H 6 0 2 )=122.12 g*mor' ) 31 2-01 
0lln-2-DilH-1-HSB» 0.89 g (10 mmol. Mw(C 4 H„ NO)=89.14 g*mor' )S SSP. &SCHIAH 0||g*g 30 mLB §2><2| ^&>0| in 

§h^°S SiSr&P. t&h<y) §™S 78 'COII AH 30S §2! S9J$ <^SD. &i# # Ni(acac) 2 - 4H 2 0 2.45 g (10 mmol, Mw(C 4 H, 4 

O a Ni)=248.84 g*mor' )« «a 60 'COUM 3QS S2.1 H&ofSP. OICQI S™ej ^jgOl SoUl 01 S^S 3^ §2! ^ g§ 

3.52 g (Ni(acac) 2 ■ 4H 2 O* 3l5§t 4=8 94%, 4.71 mmol. Mw(C 3 o H4e N 2 0 12 Ni)=748.10 g*mor' 

)oi gggf gap. 

^AICII 2-1 

(Ni/MAO ^QHOII 2I& tcSt!! S&X1I2I E'S) 

50 mL ■Mieya(Shlenk) gP^aOII kfiai 1.00 g (10.6 mmoim OH&'S^OI^iiHMAO) 0.7 mL (1.06 mmol) ^ «¥gi! 10 mL S «2iP. 1 £ 

aef& * &S0IIA1 CH 2 CI 2 4 mLOII ^2! &:?l ^AIOII 12l *fS!Ui! SUtB 3.6 mg(0.0048 mmoDi ^glofSP. 10S S£t Bfgsj ^ 
OlieS-g&l §2!J (0|ieS:HCI=10:1)S ^SJoKS fii!J2l §£fxll» 221P. 01 SSii S?£l ^IIII^IS &ZiM a4»ofa, AtOIBSai6iCHI PAI 

^ CHI&SWI AH U SSAI3ia PAI S£I^0H5IS Sl^ofa 34=9 Sg&aiB aSS^OIIAH 65 tS 4 Al£l S&t 2i26rW aSbO giffll 0 
.71 gS S2JP. 

6IAI0II 2-2 li\X\ 2-7 

(tsa s?a) 

feoi #jaioii 2-121 &g£§ i'Aisig, spi s 1 at- aoi sat ©eibkm stfxiia sap. 



[fi 13 

Ni/MAO ^OHOII Hlef §g 







mam* 


sai^m 


iSBAIZf 


4=8 








[mg] 


[mmol] 


[mL] 


[min] 


[g] 


[%] 


[kg DC >lyirer /mol M *h] 


Al 


2-2 


3.6 


0.0048 


10.0 


1/6 


0.6396 


64.0 


2.4x 10" 


Al 


2-3 


3.6 


0.0048 


10.0 


1/6 


0.7053 


70.5 


2.6x 10" 


Oil 


2-4 


3.6 


0.0048 


10.0 


1/6 


0.0866 


68.7 


2.6x 10" 




2-5 


3.6 


0.0048 


10.0 


1/6 


0.6732 


67.3 


2.5x10" 




2-6 


3.6 


0.0048 


10.0 


1/6 


0.6885 


68.9 


2.6x10" 




2-7 


3.6 


0.0048 


10.0 


60 









4!A|0fl 3-1 UWI 3-6 

(Ni/B(C 6 F 5 )3/TEA ^OHOII 21*} tS L J g&AllSI SiS) 

100 mL $ll£!!3 SP^aCHI afife!! 2.8 g (30.1 mm*) a mm?" 10 mL m ^21P. CH 2 CI 2 10 mLOII ±!$num afiJS 22.5 mg(0.03 mmol 
)21 M£IOIIHa^O|^ 0.3 mL (1.0 M in n-hexane)S ^SJSrSP. 1 S SSI ae.it! * ^ S Wl AH B^2!! 14 mL Oil B(C 6 F 5 ) 3 0.14 g (0.2 
7 mmol)* ^SJSIOI ggfysg SfHgfcgP. 1 S §2! &1Sfi m 0H©S-g£i S^h (D||gi»:g A_i =10 :i)g ¥SSIW S!«!2| S&X1IB S21P. 

oi ssii gratis sehai §j4sia, AioissejAhoii pai ^ej m oh&soiiah xh gJSAi^ia pai ^sigra^is si4=sia S4@ it 

tf*ll» SgaetHIAH 65 'CS 4 Alii S°i 258(01 itStU g&Xlia S21P. 



[a 2] 

Ni/B(C 6 F 5 ) 3 /TEA ^DHWI 21 fi ggi 





Ni:8:AI 


£1x11 ^ni 


gSJAIZ} 


4=S 




Sbl 


[mL] 


[min] 


[g] |[%1 


[kgpovn-e. /mol M *h] 



200672725 



6 



WIPS PIView 3.3.3.1 



Al 


3-1 


1 


9:0 


40.0 




0.4852 


17.1 


9.7x 10 


Al 


3-2 


1 


9:10 


40.0 




1.2826 


45.3 


2.6x 10* 


Oil 


3-3 


1 


9:0 


40.0 




0.6853 


24.2 


1.4x10' 




3-4 


1 


9:10 


40.0 




1 .0547 


37.2 


2.1x10* 




3-5 


1 


9:0 


40.0 




0.551 1 


19.4 


1.1x10* 




3-6 


1 


0:10 


40.0 


60 









0\&3i STOI, S £!»^^l(electron-donating)°i N _ o SKI Sffelfe #S!!gEH2l e.\2}E.3\ dH^S VIII m 30 stSii SaiS SSxil 

his oil mms. ^gsioi onga^oi^<y(MAO) is aaisj/i^i^oife 2*dhb ssat ^ohai^sss 2§i i ts§ aoit ^ohss 

§8 XHISU 4= 2ACH jgg 4=iS £JS> a| SXUHSOII 5|§i 4= Stfe 2 BIS Sai5! §sxii» HIS if 4= SIP. 

(57) S=?2| S¥| 
S^S 1. 

spi aajAf 1 sfe as?*! fiAiafe zaais saia tsai xnss *aoi 30 ^dh: 



[SJ-SfAJ 1 ]oooi>o[S(» Al 2] 



? 3 R2w^1 
N^X 




A^| gS }AI ) OJ 2 OJ AJOIIAH, 

R, ~R 7 fe ^S!SJ°S £fer SAIOII 4=^: §^4= 1 LHXI 2021 £S SEfe 31X1 ggj is Is, Sf^AI, gf^AIAJi!, i^ffl^AI. &IJ9|My§IAI, 

om^Ai, otsi^Aigg. ^?iiy at uiy; &&4>±g. xi&s xi&sxi ate 5 lhxi 1221 ajoiss&s; esi4»±£ a|&s it 

xl&axi ate Bi4= 6 LHXI 4021 016; BS^iS SEfe aISSXI 7 LHXI 152| OlifiHaralkyl); &£4= 3 LHXI 202J fe^lfe' 

(alkynyl), SEfe 8JS2!!0IJ2; 01 OH R, ~R 7 = MS. tt^l^Zg. 232301 2 LHXI 102| i*i!£|@! 3§, ©±4= 4 LHXI 1221 SSI- £fe SS 

a AIOIM^I nS. SEfcf &i4 6 LHXI 1721 gfff* HSISUfSe SStf 4= £i°CH: 

Xfe O. S. NR, PR 01 11(01 0\ Oil AH. RS &:£4= 1 LHXI 203 

MS VIII-3? g^2S Olif^S 5°S¥EH 4!§iafe 30OIQ. 

2. 

nais saia §sai xiiss *aoi 30 ^0H2i xn2@mon stoiAi, 

a) ones soHoioii oiDiic^saf sghsioih atfss h&mx spi a^*i 3 afe 3=^ 4s sAiat ^ai si^h« xn^shfe &31: 

b) &3I EI2t = l Vlll-^ 30 ^SS2l ySAIS [N. X] bH9IXIB i^te #£!EI2> = :?1 UH9)@ g^S^ii XHSBlfer E+SI 

« ssoit s^i asiAj 1 gEfe aafii 2s HAiafc jaais sai£! gsai aiss #201 2^ ^ohs xiisgfs: 

1 ]°oooo[^8J AJ 2] 




[S§IAI 3]ooooo[a§t^ 4] 

R4 R3 Ro p 




R 3 



R 4 
R5 



X 
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a}^| 2j*'4! 1, 2. 3 * 421 ^0||/d, 



R, ~R 7 = ^Sj5<2£ SEfe gAIOII 4^: ©^4> 1 LHXI 20°) SEfe 3)XI gSJ Ut.'. °^AI, mmA\UU, ^^ffl^AI. i,' 9)My Al , 
0)i!§IAI. OfB^AI^ll. e^iy gc fe U |y ; gt^^^s xl&@ Sfc xl&aXI aS &^4= 5 LH XI 1221 AlOISSatJ; g)2)4=£S X|g»S £fer 
XI S3 XI as ©±4= 6 LHXI 402l OfS; §a4i£ XISS £fe XISSXI StS ©±4* 7 LHXI 152| 0)|f|J(aralkyl); 3 LHXI 2021 I?3iy 

(alkynyl), £fe SS210I31; 01(11) R, -R 7 MS. SggO) Ef4i4= 2 LHXI 102) IJIJ£ie! 31, &£4= 4 U) XI 122) 511 ££fe S3 

§} Afoie^i nm, s=r <e>±i- 6 lhxi 1721 gjgjsi heishjms 4= 21201; 

Xfe O, S. NR, PR 01 11(04 D\ Oil A), RS &^4* 1 LHXI 2021 ^^'51); 
MS Vlll-^ S^£S 0| = 0)S1 2°S^E) <y§»ate S^OICt. 
S^S 3. 

UaiS SaiE! gt)x)l3 XH5g(gO)l 210HAH. 

spi s§f<y 5S hais^ taaisi asii spi sfsf^i 1 2s HAiat ^aoi s^i 

« s&sife 3£i§ earn stjxiia xhisss: 

[S)6)^ 5] 



&$?S)fe: ^DHPilSIOIIAI g&APIfe EfSI 



R 1 



R 4 

4PI §)S}i) 53 iiOIIAH, 
mS 0 LHXI 42) S40|i, 

R, ~R 4 2|2t ^gS)2S SEfe §A|CHI 4=^; ©:£4> 1 LHXI 202) t!S ££fe ?)XI B6! Sf6!, ST^AI, a^AlfeJK, fe^HH^AI, H 3)ay ^ A| , 

ohi^ai, ohj^ai^d, if?)iy sfe biy; es4=££ xi&s aEfe xisaxi as e^4= 5 mxi 12°) Aigsgfs; es^^s xigt@ at xi 

&3XI as &±4= 6 LHXI 403 OfS; xl»S £E^ XlffaXI as &±4> 7 LHXI 15a OHflJ(aralkyl); &±4= 3 LHXI 20a &3iy(a 

Ikynyl), SEfe S£2!!0I2; OlttH, R, &! R 2 , SEfe R 3 §J R 4 ?) AH£ 25SaO) &£4= 2 LHXI 10a sis BIS! 31§ i^i 4= £133, £Efe R, SEfe 
R 2 ?r R 3 S! R< §21 0)ti 5IU2) 2§aO) ©^4= 4 LHXI 123 S3 SEfe gSSI AlOlff^! Z!S. 2fe &^4= 6 LHXI 17a HSISHJgg 

[s*f4j 1 ]ooooo[asf^j 2] 




/ 



M 



Ap| ssf Ai , gj 2 o| ±)0||A), 

R, ~R 7 1= 2, >2 t ^g|5!S£ £Ete SAIOII 1 LHXI 20a SI SEfe ^)XI SSJ imAI, ^^Al^'a, ^SIH^AI. aS9)ey = A|, 

oib^ai, oih^ai^s, mn^ ££& uiy: &s4^s xista se& xisaxi a-s &^4= 5 lhxi 12a Aioie^as; sa^is xis»a ££fe 

xl^axi as e^4= 6 LHXI 40a 0\m. xl&S ^fe xl&gxi SJS 7 LHXI 15a O)BIJ(aralkyl): gtrt4- 3 lhxi 20a & i 3iy 

(alkynyl), £fe IfSaiOlII; OICCH R, -R 7 AHS <ye)2!°S SgaO) S^4= 2 LHXI 103 a'SIBIS! 31, 4 LHXI 123 SS) 15 

a) AlOie^J 31, SEfe e4;4= 6 LHXI 173 3dl5HfgS iSt 4= 21H01; 

Xfe O, S. NR, PR 0132(01^1 0)IA), RS ^4:4= 1 LHXI 203 Si^l): 

MS Vlll-^ S^S^ OI^CHS S^^^EH ^eiafe S^OIC). 

m=?m 4. 

XII 3 SfOII &!0)AH, 

40I ^QHSIfe DIIBa'^OI^^tMAO), Sal &! &^ Ol s , SEfe eaiOI^./^a ^^Dlte 5^DH« CH§ S&Slfe 3£lg SaiS gUx)ia XH£ 



5. 

3£lg HinO)3 gDfll (addition polymer) ££fe 3dlg SitDia HI3BIS S^IS 2icD) gg^x)l3 X)I3ES,M 



10) AH. 



a) 6)?i §y$i*i 5s sAiafe tea! 3ii sima; ai 
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b) (HI1@J £ 



HSggy 2inD1 



8PI §}2i±i 1 £fe SSfiJ 2£ SAIS 



» Sifoffe Sgit «I3 XHSgtgj: 



[ai^+l 5] 




-F*2 
-R 3 
R 4 



ilOtl/d. 
me 0 LHXI 43 S^0I2, 

Ri ~R„ fe at a, 1 ££te gAIOII 4=±: &±4^ 1 LHXI 2021 <yg cc fe ^ ggi e^AI, SmAIAJi!, S^IJIH^AI. StS3tSysiAI, 

om^Ai, om^Ai^i!, it^iy afe uiy ; &sf4=^£ xis*e a& xi&bxi ate §^4* 5 lhxi 12°) Aie^gtt!; es^ie xi&g afe xi 

&3XI ate &^4= 6 LHXI 4051 0\m: BS4=^S xl&@ SEfc M&gXI ate g»£4= 7 LHXI 15a 0Ht3(aralkyl): &i4- 3 LHXI 203 St9iy(a 
Ikynyl), SEfe ttS2!0III; OlttH. R, SI R 2 . £fe R 3 Si R4 21 AH S £533 0) 2 LHXI 103 £ 1 ^£I0! 311 SSt' 4- 212. SEfe R, ££fe 

r 2 :>!■ r 3 ai r< S3 oi!= sma assoi 4 lhxi 123 asa aioibsi cc fe ijax 6 ]79i ^asutse 



1 ai 23 <yoiiAH, 

R, ~R 7 te a* at SEfe SAKHI 4>±; &±4> 1 LHXI 203 £g SEi= 31X1 g&! StS. St^AI. St^AI6!i!. a^IH^AI, StS^Sy^AI, 

oni^Ai, om^Ai*JiJ, s^iy afe biy; ©s^s xi&a it xissxi as 6*^4= 5 lhxi 123 Aioigssti!; esi4=±£ xi»e sEt 

XI&3XI ate 6^4= 6 LHXI 403 0}fi; esi4^S XI&S 5Efer XISSXI ate 7 LHXI 153 OHtS(aralkyl): &^4^ 3 LHXI 203 St3iy 

(alkynyl), £fe StSaiOlI!; 0l(ffl R, ~R 7 AHS <y§j2!SS 3330) gi4 2 LHXI 103 33£l@! 31. &r^4= 4 LHXI 123 SSI Sfe S5 
a AtOlgai 31. SLfe E^4> 6 LHXI 173 gttm 32£ltHtSS g£tt 4= 2i2DI; 

Xfer O, S, NR. PR OIIHO^IOIIAH. RS 6>±4- 1 LHXI 203 gtl^l): 

Me vui-^ g^og oi^wa ^ss^a asise =}^oick 



[SSfAl 1 ]ooooo[^SJAI 2] 
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